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Abstract. Sustainable operation of the power grid complex is impossible without reliable and high-quality 

operation of 10/0.4 kV electrical distribution networks, which are the final link in the system for providing 

consumers with electric energy and are in direct interaction with a specific consumer. The study of 

statistical information on the composition of distribution networks makes it possible to draw conclusions 

about electrical network state, to implement recommendations for their development and to compare 

distribution electrical networks in different regions. This information is especially relevant for analyzing the 

reliability of power supply to consumers connected to the considered electrical distribution networks. Such 

indicators of network structure as the length of electric transmission lines of different voltages and power 

transmission schemes are studied. It also analyzes the number of damages in networks, the causes of these 

damages, data on the time of planned and emergency outages. This paper considers the structure of 10/0.4 

kV electrical distribution networks located on the territory of one of the districts of the Kaluga region. The 

sample for distribution networks was: 1190 overhead transmission lines and 536 transformer substations. 

Consumers in the district are 21671 subscribers of individuals and 1986 subscribers of legal entities, that is, 

a total of 23657 metering points. On the lines of 0.4 kV and 10 kV, the percentage of their isolated design 

was revealed. The share of single-transformer and two-transformer versions of transformer substations is 

analyzed. 

1  Introduction 

The study of statistical data on the length, composition 

of electrical networks, the number and nature of failures 

in them allows further analysis of power supply system 

reliability and propose solutions to improve it [1]–[4]. 

Reliability analysis can be carried out in accordance with 

known methods [5]–[7]. Moreover, the documents 

regulating these indicators [8] are outdated and do not 

reflect the change in reliability indicators characteristic 

of existing networks. In recent years, the reliability of 

electrical distribution networks has been growing in 

connection with the introduction of new types of 

materials and equipment [9]–[11]. 

2 Materials and Methods 

The electrical networks of the Kondovsky Distribution 

Zone were analyzed. On the analyzed territory there are 

1190 overhead electric transmission lines (ETLs) with a 

total length of 1815.6 km, including 76 ETLs of 10 kV 

with a length of 886.78 km and 1114 ETLs of 0.4 kV 

with a length of 928.85 km. Also, in the region there are 

536 transformer substations with an installed capacity of 

112.08 MW, including 516 pcs with one power 

transformer with a higher voltage of 10 kV, 20 pcs with 

two 10 kV transformers. Consumers in the district are 

21671 subscribers of individuals and 1986 subscribers of 

legal entities, that is, a total of 23657 metering points. 

3 Results and discussions 

The analysis showed that 10 kV protected lines is made 

with an Aerial bundled cables ABC-3 having the length 

of 183.29 km. It is 20.7% of the total. The rest of the 10 

kV lines are made with uninsulated wires (aluminum 

conductor steel reinforced - ACSR or all-aluminum-alloy 

conductor - AAAC). 

0.4 kV overhead power lines of Kondrovsky power 

networks in insulated version have a length of 363.93 

km. They are made with self-supporting insulated wire, 

mainly of the ABC-2 type, which makes 41.25% of the 

total. 

10/0.4 kV transformer substations (TS) in the amount 

of 536 pieces are presented in the majority of one-

transformer, which is typical for rural areas. There are 

only 20 two-transformer substations. The power of the 

installed transformers ranges from 15 kVA to 1000 kVA. 

All of them are oil-cooled transformers. There are the 

mainly used transformer types: oil-filled transformer 

(OFT) and oil-filled waterproofed transformer (OFWT). 

TS are for the most part of metal kiosk type, less mast. 

Recently, the construction of pillar TS (PTS) has been 

practiced. 
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According to the technical reports of Kondrovsky 

Distribution Zone [12] for 2016, 2017, 2018 the analysis 

of the main indicators of failure rate and damage rate in 

the networks of the considered area is carried out. The 

results are shown in Table 1. 

The data shown in Table 1 show that the number of 

failures in electrical networks is decreasing every year. 

This is due, first of all, to the implementation of 

programs for the reconstruction of the district's electrical 

networks, the implementation of new power grid 

equipment, primarily insulated wires of 0.4 and 10 kV 

power lines, and power transformers of the OFWT type. 

In the course of the work, the analysis of statistical 

data on the characteristics of electrical networks was 

carried out on the example of one of the districts of the 

Kaluga region for 2016 - 2018. The types of used 

schemes and the length of power lines were analyzed, 

their statistical characteristics were determined. The 

results of the analysis are presented below. Table 2 

shows the data on the used schemes of the district's 

electrical networks. 

The analysis of the used schemes shows that the 

majority of 10 kV electric transmission lines are made 

ring-shaped, have the possibility of redundancy, but this 

redundancy in the vast majority of cases is manual. 0.4 

kV transmission lines are mainly radial, but there are 230 

ring ones, which distinguishes the networks under 

consideration from networks in some other regions [13], 

[14]. The use of 0.4 kV ring ETLs increases the 

reliability of power supply to consumers. 

Table 3 shows the data on the distribution of 0.4 kV 

power lines by the length.4 kV transmission lines have a 

length, in most cases, up to 1.5-2 km, however, quite a 

lot oftransmission lines (more than 70 pcs) have a length 

of more than two kilometers, which negatively affects 

reliability. It should be noted that power lines with a 

length of more than 1 km have problems not only with 

reliability, but also with ensuring the sensitivity of their 

protection against single-phase short circuits 

Table 4 shows the data on the distribution of 10 kV 

power transmission lines by the number of 10/0.4 kV 

transformer substations connected to them. 

Statistical data show that there are 10 kV 

transmission lines, a sufficiently large number of 10/0.4 

of kV transformer substations are connected to. For 

example, there are six 10 kV transmission lines with 

more than 20 connected transformer substations. This 

leads to the fact that in case of failure to a 10 kV power 

transmission line, a large number of consumers are 

turned off. Also, during scheduled maintenance of these 

power lines, an unjustifiably large number of consumers 

suffer power supply interruptions. 

Table 5 presents data on the length of 10 kV power 

transmission lines. 

Most of the 10 kV transmission lines have a length 

not exceeding 16 km. At the same time, there are also 

longer ETLs, which indicates the need for their 

reconstruction, enlargement in order to increase 

reliability. 

Tables 6 and 7 show the causes of damage to 

overhead lines with a voltage of 0.4 kV and 10 kV. 

Analysis of the types and amount of damage in the 

study area showed that the main causes of damage to 

overhead lines are collapsing and breaking wires, 

thunderstorm insulation overlaps, wind loads, weakening 

of the strength of support parts, etc. Damage to overhead 

Table 1.Damages to electrical networks. 

Name 
0.4 kV 10 kV TS 

2016 2017 2018 2016 2017 2018 2016 2017 2018 

Number of failures, pcs 180 62 54 124 91 88 42 20 18 

Average power restoration time, h 4.6 3.1 3.1 5.5 4 4 7 5 5 

Scheduled power supply outages 

for maintenance and repair, h 
6 6 6 7 7 7 7 7 7 

Total power restoration time, h 828 192 167 682 364 352 294 100 90 

Table 2.Used schemes of electric transmission lines of 0.4 kV and 10 kV. 

 Trunk Radial Ring Total 

ETL-10 kV 17 0 59 76 

ETL-0.4 kV 115 769 230 1114 

Table 3.Length of 0.4 kV electric transmission lines. 

Length of power lines, km 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3.5-4 4-4.5 4.5-5 

Number of power lines, pcs 160 293 246 230 98 68 7 7 5 

Table 4.Number of 10/0.4 kV transformer substations connected to 10 kV power lines. 

Number of TS, pcs 0-5 5-10 10-15 15-20 20-25 

Number of power lines, pcs  26 26 14 4 6 

Table 5.Length of 10 kV electric transmission lines. 

Length of power lines, km 0.5-1 1-4 4-8 8-12 12-16 16-20 20-24 24-28 28-33 

Number of power lines, pcs 9 12 16 10 8 7 3 6 5 
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lines is possible under normal operating conditions due 

to: increasing the actual electrical loads calculated 

values; defects arising from the manufacture of poles, 

wires, insulators; violation of the rules for the 

installation and construction of overhead lines; 

shortcomings of operation, etc. 

Comparison with statistical data from other regions 

shows that, in general, the causes of damage are similar 

both in composition and in percentage [13], [14]. This 

makes it possible to use the same approaches as in other 

regions to increase the reliability of distribution electric 

networks, thus increasing the efficiency indicators of the 

power supply system of consumers as a whole [15], [16]. 

The priority of these measures is the downsizing of 

power lines, the use of automatic sectionalizing of power 

lines, the use of insulated wires [13]. 

4 Conclusion 

During the work, the analysis of statistical data of 

electrical networks of one of the districts of the Kaluga 

region for 2016 - 2018 was carried out. Analysis of the 

used schemes of 10 kV and 0.4 kV electric transmission 

lines shows that most of 10 kV transmission lines are 

made ring-shaped with the use of manual sectionalizing. 

0.4 kV ETLs are mainly radial, there are ring ones. 

The length of 0.4 kV transmission lines is in most 

cases more than recommended. A large proportion of the 

lines have a length of more than 1.5 km, which 

negatively affects power supply reliability. 

The length of 10 kV transmission lines for most lines 

is less than 16 km, although there are a number of 

transmission lines over 24 km long. There are 10 kV 

transmission lines, a sufficiently large number of 10 / 0.4 

kV transformer substations are connected to. It leads to 

the fact that a large number of consumers are 

disconnected in case of failure to a 10 kV transmission 

line. 

The most common causes of failures to transmission 

lines of both 10 kV and 0.4 kV are similar to the causes 

of failures to power lines in other regions of Russia. 

They are: cross and breakage of wires, arc overlapping 

insulation during lightning, fall of trees, strength 

weakening of utility poles, etc. It allows recommending 

a number of measures for the Kaluga region to improve 

the reliability of distribution networks, applicable in 

other regions. 
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